Techniques were developed for genetic characterization of Legionella pneumophila serogroup 1 by using restriction fragment length polymorphism analysis. Allozyme analysis provided an index of the discrimination achieved by restriction fragment length polymorphism. Isolates from human cases of legionellosis were examined by both methods, and their profiles were compared with reference strains of L. pneumophila serogroup 1 obtained from the American Type Culture Collection. Eighteen distinct clones were evident among the isolates examined. Both methods could be used to trace the source of an outbreak of legionellosis caused by L. pneumophila serogroup 1.
Infections caused by Legionella spp. continue to be a public health problem in Australia. Several outbreaks of legionellosis have occurred in the last 5 years, caused mainly by L. pneumophila serogroup 1. Recently a cluster of cases of pneumonia caused by L. longbeachae serogroup 1 was reported from South Australia (10) . All human and most environmental isolates of this organism were shown to be very similar genetically when allozyme analysis and restriction fragment length polymorphism (RFLP) typing were used to compare them (4). We have now developed a similar typing system for L. pneumophila and have used it to examine isolates from sporadic cases in South Australia and outbreaks of legionellosis in Eastern Australia.
A total of 21 Australian strains of L. pneumophila serogroup 1, all isolated from humans with legionellosis, were available for genetic characterization. These comprised 14 from South Australia (SAl through SA14) isolated from sporadic cases over several years and not associated with outbreaks and 1 from New South Wales (NSW1) and 6 from Tasmania (TASI through TAS6) which were all associated with an outbreak. Eighteen strains of L. pneumophila serogroup 1 isolated from environmental sources linked to the Tasmanian outbreak (TAS7 through TAS24) were also ex (5) .
RFLP analysis was performed as detailed previously (10) . A genomal bank of L. pneumophila serogroup 1 (Philadelphia strain) was constructed in cosmid pHC79 by the method described by Manning et al. (6) . Recombinant plasmids were purified from individual clones selected randomly from the bank by the method of Holmes and Quigley (2) .
The RFLP analysis using rRNA as the probe (ribotyping) (1) did not provide as much differentiation among strains as did allozyme analysis (data not shown). However, RFLP typing using the selected cosmid clones was much more successful in this regard (Table 1) .
Figures IA and B are profiles obtained when digests of ATCC reference strains and Australian human isolates of L. pneumophila serogroup 1 were reacted in Southern hybridization studies with 32P-labeled cosmid IMVS65. RFLP profiling using cosmid IMVS65 provided a differentiation of the isolates which was similar to that obtained by allozyme analysis with the following four exceptions. The RFLP patterns for isolates SA3 and SA7 in ET-2 were different from the others when digested with NciI and HindIII-BamHI (Fig. 1A) . SA7 possessed extra bands at 7.5 and 3.8 kb, and SA3 and SA7 did not have the faint band above 9 kb seen in others in ET-2.
Reference strains Bellingham and Knoxville possessed identical RFLP profiles when digested with NciI but differed when digested with HindIII-BamHI (Fig. 1B) . Strains Oxford and Camperdown produced the same profiles when digested with HindIII-BamHI (Fig. 1B) but differed when digested with Ncil (Fig. 2) .
Overall, the discriminating abilities of RFLP and allozyme characterization are remarkably similar, suggesting that we have indeed been able to distinguish clones or near clones among the isolates screened. Our results suggest that techniques for RFLP analysis should be developed by using several enzymes and results should be compared with those obtained by another technique, such as allozyme analysis, to ensure the most appropriate combination of restriction en- zyme and probe is used to provide the discrimination required.
There were 9 distinct clones present among the Australian isolates, with 6 of the 14 from South Australia belonging to one clone (Table 1 ). All Australian clones were genetically different from the ATCC strains except for SA14, which was identical to Benidorm, and SA2, which resembled Olda. SA2 was isolated from a patient after renal transplantation.
The 18 environmental isolates examined as part of the investigation into the Tasmanian outbreak were distributed into two groups. Four had RFLP profiles and ETs identical to those of the six strains isolated from humans involved in the outbreak. All four were isolated from an air-conditioning unit epidemiologically associated with the outbreak. All the other environmental strains were identical to the Olda type strain.
The results of this study plus those of Selander et al. (9) and Saunders et al. (8) 
